Tick cell cultures have been widely used as an important tool for the study of tick-associated microorganisms, specifically for medically important bacteria or viruses that may be difficult to isolate or culture in axenic conditions. In this study, primary embryonic tick cell cultures were initiated separately from each of the egg batches laid by 10 female ticks belonging to the hard tick genus Haemaphysalis. All cultures were maintained at 28°C. After 10 months, 4 healthy cultures were identified with the potential for developing into continuous tick cell lines. These cultures comprise large cells predominantly forming floating cell clumps with multicellular vesicles, which are morphologically similar to cell lines derived from the soft tick Ornithodoros moubata. Subculture has not yet been performed due to the low cell density at the time of writing. Amplification and sequencing of a fragment of the 16S rRNA gene from DNA extracted from the parent ticks showed 99%-100% similarity to published sequences of Haemaphysalis bispinosa. This is the first report of the initiation of embryonic cell cultures from Haemaphysalis ticks found in Malaysia. Such tick cell cultures will be useful for studies of tick-borne pathogens in this region, where recent studies have shown that Haemaphysalis ticks are highly represented and harbor medically important bacteria.
Introduction
Ticks are important vectors of diseases worldwide. Being able to feed on the blood of multiple hosts throughout their lifespan, ticks are capable of transmitting infectious diseases between the hosts. Ticks are a healthcare threat particularly to human populations at high risk of exposure to tick bites (Parola and Raoult 2001; Wu et al. 2013) . These include the human populations who live or work near forested or rural areas, such as farmers and forest rangers. Furthermore, tick infestation of livestock animals such as cattle, sheep and goats affects animal health and consequently the yields of dairy products, meat, hides and wool, which leads to huge economic losses (Duh et al. 2008; Mehlhorn 1985) . Hence, surveillance of and research into the transmission of tick-borne infections are important in safeguarding human health and economic gains of livestock farmers, especially in economically disadvantaged populations (Hotez et al. 2015) .
Tick cell lines play a significant role in research involving tick biology, tick control, tick-borne pathogens and endosymbionts (Bell-Sakyi and Attoui 2013). There are now over 50 cell lines derived from 14 species of hard ticks (Ixodidae) and two species of soft ticks (Argasidae) (Bell-Sakyi et al. 2007) . Tick cell cultures have been used in the propagation and study of many tick-associated pathogens of medical importance, including Anaplasma, Ehrlichia, Rickettsia, tick-borne encephalitis virus (TBEV) and Crimean-Congo hemorrhagic fever virus (CCHFV) (Barbet et al. 2003; Bell-Sakyi et al. 2012; Lawrie et al. 2004; Policastro et al. 1997; Singu et al. 2006) . Furthermore, tick cell cultures allow for investigation of vector-pathogen interactions, which is important for understanding pathogen infectivity and transmission by tick vectors (de la Fuente et al. 2002) . The antiviral response in ticks and regulation of gene expression by infecting pathogens are also being increasingly studied using in vitro cultured tick cells (Ciota et al. 2015; Schnettler et al. 2014; Weisheit et al. 2015) .
To date, most of the available tick cell lines are derived from Amblyomma, Dermacentor, Hyalomma, Ixodes and Rhipicephalus spp. ticks (Bell-Sakyi et al. 2007 ). Previous studies have described the establishment of cell lines from Indian Haemaphysalis spinigera and Haemaphysalis obesa ticks (Banerjee et al. 1977; Guru et al. 1976 ) and primary cultures from Japanese Haemaphysalis longicornis ticks (Kamio et al. 1986 ). However, as there have been no more recent reports of application of Haemaphysalis spp. cell lines, it is unlikely that any are currently available (Bell-Sakyi et al. 2012) . This report describes the initiation and prolonged maintenance, with a view to cell line establishment, of primary tick cell cultures from embryonic tissues of Haemaphysalis bispinosa ticks collected from the field in Malaysia.
Methods

Preparation of primary cell cultures
Engorged female Haemaphysalis sp. ticks were collected from goats at a goat farm in the Perak state (4.5921° N, 101.0901° E), Malaysia with the approval of the farm owner. Ten ticks were chosen for the establishment of primary cell cultures. The method followed for the preparation of primary tick cell cultures was as described previously with slight modification (Bell-Sakyi 1991) . Briefly, the engorged female ticks were surface-sterilized for 5 min in 0.1% benzalkonium chloride followed by 1 min in 70% ethanol and 1 min in sterile deionized water to remove environmental contaminants. The ticks were then incubated at 28 o C, 100% relative humidity for oviposition. Developing embryos were clearly visible in the eggs after 14 days. Eggs from each female tick were transferred into separate wells of a 6-well plate, washed with 70% ethanol for 1 min and rinsed with Hanks balanced salt solution (HBSS). The eggs were crushed in 1 mL of HBSS to release the embryonic tissues, which were then transferred to a flat-sided tube (Nunc, USA) in 3 mL of complete tick cell culture medium consisting of L-15B medium (Munderloh and Kurtti 1989) supplemented with 10% tryptose phosphate broth (DIFCO BD, USA), 20% fetal bovine serum (FBS) (GIBCO, USA), 0.1% bovine lipoprotein (MP Biomedicals, USA), 2 mM L-glutamine (Sigma Aldrich, USA), 100 units/mL penicillin, 100 µg/mL streptomycin and 25 µg/mL amphotericin (Lonza, Switzerland). No attempt was made to remove the egg shells from the suspension of embryonic tissues. The primary embryoderived cell cultures were incubated at 28 o C and half of the cell culture medium was replaced weekly. The cultures were examined weekly for signs of cell growth and absence of contamination using an inverted microscope (Nikon Eclipse TE-2000E). The parent female ticks whose egg batches had been used to initiate primary cell cultures were stored at -80 o C for subsequent DNA extraction to confirm species identity.
DNA extraction and polymerase chain reaction (PCR) amplification
DNA was extracted from female Haemaphysalis ticks whose eggs had been used for culture initiation using the QIAamp DNA Mini Kit (Qiagen, Germany) according to the manufacturer's protocol. For molecular identification of the ticks, PCR amplification of a fragment of the ticks' mitochondrial 16S rRNA gene was performed using primers and protocols as previously described (Black and Piesman 1994) . PCR amplicons were separated by 1.0% agarose gel electrophoresis and stained with SYBR® Safe nucleic acid stain (Invitrogen Life Technologies, USA). Amplicons were gel-purified using NucleoSpin Gel and PCR Clean-up (MACHEREY-NAGEL, Germany) according to the manufacturer's protocol. Sequencing of the PCR amplicons was performed by a third party service provider (First BASE Laboratories, Malaysia). Sequences obtained were compared to existing sequences available in the NCBI Genbank database. All sequences obtained were deposited in the European Nucleotide Archive (ENA Accession: LT593135 -LT593138).
Results
Ten separate primary cultures of Haemaphysalis cells, each from a single egg batch, were initiated in this study and named HB01 to HB10 respectively. Two weeks post-seeding, all cultures comprised floating cell or tissue clumps. Large adherent, elongated spindle-shaped cells ( Figure 1A , filled arrow), rounded non-adherent cells ( Figure 1A , open arrow) and dumbbell-shaped guanine crystals ( Figure 1B , bar arrow) could be seen. Recognizable fragments of developing embryonic limbs were also visible in the culture. Cell clumps, fibroblast-like cells ( Figure 2A , filled arrows) and spherical cells ( Figure 2B , open arrow) were clearly visible in the cultures after 1 month of culture. After 3 months, most of the fibroblast-like cells had detached from the surface in all the cultures. Large clumps of cells containing hollow multicellular vesicles and vacuolated rounded cells became evident ( Figure 3A , B and C). Finger-like protrusions were observed on some of the cells ( Figure  3D , arrows). Pulsating cells were observed in one of the cultures (HB06). Two cultures (HB09 and HB10) were terminated and discarded in the 5 th month due to fungal contamination. Ten months after initiation, four of the cultures, HB02, HB03, HB05 and HB06, remained healthy. Change in the color of the cell culture medium from pink to yellow due to increasing acidity was observed after the weekly medium change, indicating the presence of metabolic activity in these cultures. The remaining cultures did not exhibit any change in the medium color, suggesting that metabolic activity had ceased. The previously observed fibroblast-like cells had mostly disappeared in the remaining healthy cultures. The predominant cell type in these cultures comprised irregularly shaped clumps of a heterogeneous population of cells growing on top of one another (Figure 4A to D). These cell clumps existed as rafts of connected cells floating on or in the cell culture medium or lightly attached to the bottom of the tube. Large multicellular vesicles ranging from 20µm to 150µm in diameter were clearly visible among these cell clumps ( Figure 4C ). Some of these cells appeared to be vacuolated ( Figure 4D, arrow) . Although it is now twelve months since the initiation of the cultures, increase in cell density is not yet obvious, suggesting a slow rate of cell multiplication. Cell counting and passaging have not been performed at the time of writing to avoid any disturbance to cell growth. Comparison of the partial 16S rRNA sequences amplified from the female ticks, from whose eggs the HB02, HB03, HB05 and HB06 cell cultures were derived, with existing sequences in NCBI Genbank showed 100% similarity to Haemaphysalis bispinosa (NCBI Accession: KC853419.1 and KC853418.1) and 99% to Haemaphysalis bispinosa (NCBI Accession: KC853420.1) These results confirmed that we have successfully initiated primary cell cultures from H. bispinosa ticks.
Discussion and Conclusions
The establishment of tick cell lines is a time-consuming and labor-intensive process, in which the overall success rate is very low (Bell-Sakyi et al. 2007) . It may take up to several years before a continuous cell line can be established. To date, the most widely used tick cell lines for the propagation and studies of tick-borne pathogens are derived from Amblyomma, Ixodes and Rhipicephalus spp. ticks (Bell-Sakyi et al. 2007) . Although a previous study described the initiation of tick cell lines from H. spinigera and H. obesa in India (Guru et al. 1976) , it is unlikely that these cell lines still exist. Cell lines from Haemaphysalis ticks will be important for the study of tick-borne pathogens especially from the South-East Asian region, as Haemaphysalis ticks are highly represented among the ticks commonly found here in areas inhabited by humans and animals, and have been shown to harbour pathogenic bacteria such as Bartonella, Rickettsia and Coxiella (Kho et al. 2015; Khoo et al. 2016; Lerdthusnee et al. 2008; Vongphayloth et al. 2016) . Moreover, Haemaphysalis ticks have been incriminated as vectors of the virus causing the emerging human disease, severe fever with thrombocytopenia syndrome (SFTS), currently causing outbreaks in China, Korea and Japan (Kim et al. 2013; Liu et al. 2012; Takahashi et al. 2014) . One of the cell lines derived by Guru et al. (1976) from H. spinigera was shown to be able to support the propagation of tick-borne viruses such as Kyasanur Forest disease and Bhanja viruses (Banerjee et al. 1977) . Hence, the establishment of cell lines from Haemaphysalis ticks will be of great importance for further research on viruses such as SFTSV. Here, we have described our attempts to initiate cell lines from H. bispinosa ticks collected from goats on a farm in Malaysia. We observed that the H. bispinosa primary cell cultures appeared to be morphologically similar to the OME/CTVM21 tick cell line derived from Ornithodoros moubata, a soft tick (Bell-Sakyi et al. 2009 ). Floating cell clumps, multicellular vesicles and large, vacuolated cells are the morphological characteristics of OME/CTVM21 cells. Our primary cultures appear quite different to the morphologies of the Haemaphysalis tick cell cultures described in previous reports. H. longicornis primary cultures appeared to be dominated by fibroblasts or epithelial-like cells which formed a monolayer network of cells in less than 7 days post-seeding (Kamio et al. 1986 ). Cell cultures derived from H. spinigera and H. obesa, on the other hand, featured a mix of multicellular clumps together with fibroblasts or epithelial cells that could be separated after subculture (Guru et al. 1976) . During the first month post-initiation, the Haemaphysalis cells in the present study appeared morphologically similar to the H. spinigera cells of Guru et al. (1976) . However, progressive loss of the fibroblast-like cells could be observed in our cultures between 1 and 10 months post-initiation.
Apart from the different tick species involved, possible factors responsible for the differences in morphology between our H. bispinosa cultures and the Haemaphysalis spp. cultures reported previously include the tissue of origin and culture conditions. Both Guru et al. (1976) and Kamio et al. (1986) used developing adult tissues dissected out of the moulting nymphal integument, whereas we used embryonic tissues. Guru et al. (1976) used multiwell plates, plastic flasks and glass Leighton tubes or bottles, and incubated their cultures at 30 °C, Kamio et al. (1986) used glass culture tubes and incubated their cultures at 25 °C, whereas we used flat-sided plastic culture tubes incubated at 28 °C. All three studies used L-15 (Leibovitz) based media, but the two previous studies used 10% FBS whereas we used 20% FBS.
There was no obvious increase in cell numbers at twelve months after initiation, which made subculture and further characterization impossible at the time of writing. This was similar to O. moubata cell cultures, which were reported to be slow-growing, with the first subcultures possible only after 14.5-24 months (Bell-Sakyi et al. 2009) . Similarly, primary cultures derived from embryonic Rhipicephalus evertsi, a hard tick, could not be successfully subcultured until they were between 22 and 36 months old (L. Bell-Sakyi, unpublished observations). In contrast, cell lines from H. spinigera and H. obesa, as well as other hard ticks such as Hyalomma anatolicum, Ixodes scapularis, Rhipicephalus microplus and Dermacentor andersoni were able to undergo first subculture in less than 12 months after initiation (Esteves et al. 2008; Guru et al. 1976; Kamio et al. 1986; Munderloh et al. 1994; Simser et al. 2001) .
Culture medium supplements and incubation temperature are likely to affect the growth rate of tick cells (Bell-Sakyi et al. 2009) . O. moubata tick cultures appeared to benefit from supplementation with 0.5% lactalbumin hydrolysate, which provides a high level of amino acids to the medium (Bell-Sakyi et al. 2009 ). The L-15-based tick cell culture medium L-15B, designed by Munderloh and Kurtti (1989) , has been beneficial in the establishment of numerous cell lines from different tick species (Mattila et al. 2007; Munderloh et al. 1994; Simser et al. 2001; Singu et al. 2006) . Unfortunately, we were unable to evaluate the use of different culture media supplements and incubation conditions due to insufficient resources and incubation facilities. Patience will be the key to ensure on-going maintenance of the existing cultures until significant cell multiplication is obtained and the first subcultures can be performed.
To summarize, we have described the initiation of primary tick cell cultures from H. bispinosa ticks. Currently, these cell cultures are morphologically similar to O. moubata tick lines, with a very slow growth rate. Perseverance in the maintenance of these primary cultures is now crucial to ensure success in obtaining a continuous H. bispinosa cell line.
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